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(54) Solid state image pickup device. 



(57) A solid image pickup device performing optical measurement achieving high signal to noise ratio by 

(i) integrating the noise components and determining the period required for the sum of integration to 
exceed a predetermined value ; 

(ii) integrating the combination of the desired signal components and the noise components for said 
period ; and 

(iii) determining the difference between the sums of integration obtained in steps (i) and (ii). 
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BACKGROUND OF THE INV E NTION 
Field of the Inv ention 

5 The present invention relates to a solid image pickup device, and relates to the solid image pickup device 

which eliminates noise components, offset components or unnecessary background image components from 
an obtained image signal to obtain only the necessary image components. 

Related Background Art 

10 

In recent years, with the spread of image processing techniques, various kinds of image pickup devices 
as a main device having a photoelectric conversion function have been developed. A charge transfer device 
represented by a CCD or a BBD. a MOS type image pickup device, and a position sensitive detector are ex- 
amples of the image pickup devices. 
15 In a case that only a certain object is intended to be taken by the image pickup device, not only light from 

the certain object but also light from its background are incident on the photosensitive unit, so that the light 
from the background is included in the image signal as noise components. Therefore, it is a problem that the 
real image signal of the certain object cannot be obtained. 

The conventional solid image pickup device employs some technique to eliminate noise components in- 
20 eluding offset components and noise components generated by the photosensitive unit itself (Japanese Patent 
Laid-Open No. 59-142412 (142412/1984)). 

However, it is not practical to use as the solid image pickup device. 

SUMMARY OF THE INVENTION 

25 

It is an object of the present invention to provide an image pickup device with simple construction which 
can perform measurement accurately. In order to achieve the object, an image pickup device of the present 
invention which performs optical measurement achieving high signal to noise ratio by separating light to be 
measured from unnecessary noise components, comprises a photosensitive unit comprising a photoelectric 
30 converting function, a first integrator for either integrating or not integrating a signal generated on the photo- 
sensitive unit in a first capacitor connected between an input and output thereof by a first reset signal, a second 
integrator for either integrating or not integrating a signal in a third capacitor by a second reset signal, a switch- 
ing device and a second capacitor connected in series between an output of the first integrator and an input 
of the second integrator, a counter circuit comprising a counting up function and a counting down function, 
35 and a timing control circuit for prior to the measurement of the light to be measured, making the first integrator 
to perform integration by controlling the first reset signal, setting the second integrator in non- integration state 
by controlling the second reset signal, setting the switching device to on, exposing on the photosensitive unit, 
accumulating charges in the first and second capacitor until an output voltage of the first integrator reaches 
a predetermined voltage, making the counter circuit to count up elapsed time, next, in a case of measuring 
40 light to be measured, making the first integrator to perform integration by controlling the first reset signal, set- 
ting the second integrator in integration state by the second reset signal, further, setting the switching device 
to on, exposing on the photosensitive unit, making the counter circuit to count down from the counted value 
of the elapsed time, at a point of the counted value reaching zero, turning off the switching device, making the 
second integrator not to perform integration, thereby an output signal of the second integrator is a component 
45 of the light to be measured. 

Here, the solid image pickup device may comprise a function for notifying unusual condition with an over- 
flow signal when counting ability exceeds its capability of counting up. 

According to the solid image pickup device of the present invention having such a structure, prior to the 
measurement of the light to be measured, the counted value equivalent to the intensity of light, e.g., the back- 
so ground light is held in the counter circuit and charges equivalent to the intensity of the background light is held 
in the second capacitor. Next, in a case of measuring light to be measured, while counting down operation is 
performed from the counted value held in the counter circuit until it reaches zero, charges to be accumulated 
in the first integrator and charges accumulated in the second capacitor are coupled, so that the background 
light components are eliminated, whereby the output of the second integrator is corresponded to the intensity 
55 of light of the specific area. Therefore, unnecessary light components (e.g., background light) are eliminated, 
and the signal corresponding to the light of the specific area (i.e., light to be measured) intended to be measured 
is obtained as the above voltage value. 

The present invention will become more fully understood from the detailed description given hereinbelow 
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and the accompanying drawings which are given by way of illustration only, and thus are not to be considered 
as limiting the present invention. 

Further scope of applicability of the present invention will become apparent from the detailed description 
given hereinafter. However, it should be understood that the detailed description and specific examples, while 
5 indicating preferred embodiments of the invention, are given by way of illustration only, since various changes 
and modifications within the spirit and scope of the invention will become apparent to those skilled in the art 
form this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Fig. 1 is a configuration of a position sensitive detector (PSD). 

Fig. 2 is a circuit diagram of a noise elimination circuit according to an embodiment of the present invention. 
Fig. 3 is a time chart showing an operation of a noise elimination circuit according to an embodiment of 
the present invention. 
15 Fig. 4 is a circuit diagram of a conventional noise elimination circuit. 

Fig. 5 is a circuit diagram of a conventional noise elimination circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 The embodiments of the present invention will be described hereunder with reference to the accompanying 

drawings. The embodiments relate to a position sensitive detector (hereinafter called PSD) for measuring dis- 
tance. 

First, referring to Fig. 1. the PSD will be explained below. 

As shown in Fig. 1 . the PSD for measuring distance comprises a photosensitive unit 1 including three silicon 
25 semiconductor layers, a P-layer, an Mayer, and an N-layer, a signal extraction circuit 2 for eliminating unnec- 
essary components such as a noise from a photoelectric conversion signal to extract necessary signal com- 
ponents, and a distance measurement arithmetic circuit 3 for calculating distance to an object based on an 
extracted signal 

Here, one pan of output electrodes 4 and 5 are formed on both ends of the P-layer of the photosensitive 

30 unit 1 . A predetermined bias voltage V B is applied at the position where the distance from the output electrodes 
4 and 5 on the N-layer is equal. Surface of the P-layer is light incident plane. Then, when light is incident on 
the P-layer. the pnotoeJednc currents are generated by photoelectric conversion effect. The photoelectric cur- 
rents 11 and 12 which are divided in accordance with the ratio of the distance L1 from the light incident position 
to the electrode 4 and the distance L2 from the light incident position to the electrode 5 are applied to the signal 

35 extraction circuit 2 tnrough the respective electrodes 4 and 5. 

Moreover, a light emitting diode LED for emitting a spotlight to an object G is placed apart from the pho- 
tosensitive unit 1 The P-layer of the photosensitive unit 1 receives a spotlight reflected at the object G (here- 
inafter called reflected spotlight). Therefore, the principle of triangle distance measurement can be applied to 
this structure tn other words, since the distance from the light emitting diode LED to the object G and the pos- 

40 ition of the reflected spotlight incident on the P-layer (i.e., L1 and L2) are proportional to each other, the distance 
measurement arithmetic circuit 3 performs the distance calculation based on the photoelectric currents 11 and 
12, so that the distance to the object G is calculated. 

However, since the P-layer has the wider area than the incident area of the reflected spotlight, the photo- 
electric currents 11 and 12 include not only the reflected spotlight but also the background light and other noise 

45 components. For that reason, if only the distance arithmetic is performed, accuracy of the distance measure- 
ment is lower because of the background light and noise components. 

Thus, a solid image pickup device of the present invention comprises a noise elimination circuit described 
hereinafter. 

Referring to Fig. 2, a noise elimination circuit connected on the side of the output electrode 4 will be ex- 
so plained. An integrator 6 is connected to the output electrode 4 and comprises an amplifier A3 for amplifying a 
photoelectric current 11 applied from a photosensitive unit 1 through the output electrode 4, a first capacitor 
C1 and a first switching device SW1, which are both connected in parallel between an input and output of the 
amplifier A3. Therefore, in a case that the first switching device SW1 is off by a logic "L" first reset signal RS1 , 
the photoelectric current 11 is charged in the first capacitor C1, and in a case that the first switching device 
55 SW1 is on by a logic "H" first reset signal RS1, the charges in the first capacitor C1 is discharged. Here, in 
order to set an integral operation time of the integrator 6 to a few \i seconds, a capacitance of the first capacitor 
C1 is set to a few picofarads. 

The output of the integrator 6 (which is the output of the amplifier A3) is connected to an integrator? through 
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a second switching device SW2 and a second capacitor C2. The integrator 7 comprises an amplifier A4, and 
a third capacitor C3 and a third switching device SW3, which are both connected in parallel between an input 
and output of the amplifier 4. Then, an output of the amplifier A4 is connected to an output terminal 8. Con- 
sidering the equilibrium of a margin of the operational speed and a margin of the noise for the overall circuit, 

5 the second and third capacitors C2 and C3 have the same capacitance of approximately 1 pF. Further, the sec- 
ond switching device SW2 is switched to on by a logic "IT switching signal CSW and switched to off by a logic 
"L" switching signal CSW. The integrator 7 performs the integral operation when the third switching device SW3 
is off by the logic "L" second reset signal RS2, and on the contrary, it stops the integral operation when the 
switching device SW3 is on by the logic "H M second reset signal RS2. 

10 Moreover, in order to control an on/off of these switching devices, a timing control circuit is incorporated. 

A comparator 9 is connected to an output of the integrator 6, and the comparator 9 compares an integral signal 
V| which is an output from the integrator 6 with a reference voltage V ref and outputs a logic "H" comparison 
signal CM if the integral signal V1 exceeds the reference voltage V ref . Here, the reference voltage V ref is set in 
advance below the maximum voltage which the integral signal V1 may obtain. 

15 An output of the comparator 9 is connected to one of inputs of a NOR gate N1 . The NOR gate N1 and the 

other NOR gate N2 constitute an RS flip-flop circuit A reset signal RS and a start signal ST are applied to the 
other two inputs of the NOR gate N1. The NOR gate N1 generates the above switching signal CSW. Further, 
the invertor circuit IN1 generates the first reset signal RS1 by inverting the switching signal CSW. 

In a D flip-flop DF, an underflow signal UNF from a counter circuit 10 which will be explained hereinafter 

20 is applied to a data input D, and a comparatively high frequency synchronized clock signal CK is applied to a 
clock input CLK, and the reset signal RS is applied to a reset input CLR. A NAND gate AN1 generates a second 
reset signal RS2 by multiplying an inverting output Q1B of the D flip-flop DF by the start signal ST. 

An AND gate AN2 multiplies the start signal applied through the invertor circuit IN2 by the switching signal 
CSW and provides the output signal thereof to a counting up control input UP of the counter circuit 10. Further, 

25 in the counter circuit 10, the start signal ST is applied to the counting down control input DOWN and the syn- 
chronized clock signal CK is applied to the clock input CLK. Then, when the counting up control input UP is a 
logic "H" and the counting down control input DOWN is a logic "L", the counter circuit 10 synchronizes with 
the synchronized clock signal CK to perform the counting up operation, and concurrently, holds and outputs 
data of the counted value CD in the register circuit Further, if the condition is overflow, the counter circuit 10 

30 outputs overflow data OVF. On the other hand, when the counting up control input DOWN is a logic "H", the 
counter circuit 1 0 synchronizes with the synchronized clock signal CK to perform the counting down operation, 
and concurrently, outputs data of the counted value CD through the register circuit 11, and if the condition is 
underflow, the counter circuit 10 outputs underflow data UNF. 

Since the noise elimination circuit with such a structure is also placed at the output electrode 5 of the pho- 

35 tosensitive unit 1, the output signal V 01 corresponding to the photoelectric current 11 generated in the output 
electrode 4 is an output from the output terminal 8 as shown in Fig. 1 , and concurrently, the output signal V 02 
corresponding to the photoelectric current 12 generated in the output electrode 5 is also an output These output 
signals V 01 and V 02 are applied to a distance measurement arithmetic circuit 3 as shown in Fig. 1. 

Next, referring to a time chart in Fig. 3, the operations of the noise elimination circuit with such a structure 

40 will be explained. Here, the noise elimination circuit generates the output signals V 01 and V 02 in which noise 
components such as the background light, and offset are eliminated by performing the process twice over the 
first cycle T1 and the second cycle T2 as shown in Fig. 3. The operation of the noise elimination circuit con- 
nected to the output electrode 4 in Fig. 1 will be explained herein after. 

First, in the cycle T1 , a start signal ST stays at the logic "L" and the light emitting diode LED shown in Fig. 

45 1 does not emit light. Once this condition is set. the second reset signal RS2 is always the logic "H'\ so that 
the third switching device SW3 is always on and charging to the third capacitor C3 is stopped. 

Next, at the starting point t1, the reset signal RS instantaneously becomes a logic "H'\ and the switching 
signal CSW is inverted to the logic "H". Synchronizing these, the first reset signal RS1 is inverted to the logic 
"L'\ Thus, the first switching device SW1 is off and the second switching device SW2 is on. Further, since the 

so counting up control input UP is the logic "H" and the counting down control input DOWN is the logic "L", the 
counter circuit 10 starts counting up. 

As a result, in the cycle T1, only the background light is incident on the photosensitive unit 1, and since 
the generated photoelectric current 11 is charged in the first capacitor C1 by the integrator 6, the integral signal 
V1 is gradually increased and the counter circuit 10 counts the charging period. 

55 And then, if the integral signal Vj exceeds the reference voltage V ref at some point t2, an output CM of the 

comparator becomes a logic "H". Then, synchronizing with this, the switching signal CSW of a NOR gate N1 
which constitutes the RS flip-flop becomes the logic "L", and the first reset signal RS1 becomes a logic TT, 
so that the first switching device SW1 and the second switching device SW2 are switched on and off respec- 
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tively, and the integral operation of the integrator 6 is stopped. Further, since the counting up control input UP 
becomes a logic "L", the counter circuit 10 stops counting up. 

Accordingly, the duration until the integral signal V1 exceeds the reference voltage V ref is T1. Assuming 
that the voltage of the integral signal of the integrator 6 at the point t2 is V11 and the current applied from the 
5 output electrode 4 with the background light components is l d , since 11 = l d 

V11 = l d T1/C1 (1) 
is obtained. Then, the second capacitor C2 holds the voltage V11. 

Further, the counter circuit 1 0 holds the counted value CD1 equivalent to the time T1 and makes the register 
circuit 11 hold the same value. Here, the remarkable point is that in a case that the light intensity of the back- 
to ground light incident on the photosensitive unit 1 is too weak, the period of time that the integral signal V1 ex- 
ceeds the reference voltage V ref lasts long, and the counter circuit 10 holds the counted value CD indicating 
the long period of time T1 , and on the contrary, in a case that the light intensity of the background light incident 
on the photosensitive unit 1 is too strong, the period of time that the integral signal V1 exceeds the reference 
voltage V ref lasts short, and the counter circuit 10 holds the counted value CD indicating the short period of 
15 time T1. Accordingly, the counted value CD held in the counter circuit 10 is the value proportional to the light 
intensity of the background light 

Moreover, if the light intensity of the background light incident on the photosensitive unit 1 is extremely 
weak and before the integral signal V1 exceeds the reference voltage V ref , the counter circuit 10 exceeds its 
counting ability, the overflow signal OVF is generated to notify the failure of the measurement to outside. 
20 Next, the start signal ST is inverted to a logic "H" at some point t3 and simultaneously the reset signal RS 

becomes the logic "H". Further, the light emitting diode LED in Fig. 1 emits the spotlight. Accordingly, the 
switching signal CSW of the NOR gate N1 constituting the RS flip-flop circuit is inverted to the logic "H", and 
synchronizing with this, the first reset signal RS1 is inverted to the logic "L", and the second signal RS2 is in- 
verted to the logic " L". Further, the counting up control input UP and the counting down control input DOWN 
25 become the logic "L" and the logic "H" respectively, so that the counter circuit 10 starts counting down from 
the held value (the value CD counted over the time period of T1). 

Then, as a result of such switching operations, the integrator 6 charges the photoelectric current 11 equiv- 
alent to the sum of the background light and the reflected spotlight in the first capacitor C1. The integrator 7 
charges the charge difference between the charge of the first capacitor C1 and the charge of the second ca- 
30 pacitor C2 in the third capacitor C3 in accordance with the principle of conservation of charge. 

When the counted value CD of the counter circuit 10 reaches zero, at the point t4, the underflow signal 
UNF is inverted to the logic "H", and the inverting output Q1B of the D flip-flop DF is inverted to the logic "U\ 
so that the third switching device SW3 is switched on and the period of time T2 is set. In other words, the period 
of time from the t3 to t4 is T2, and the cycle T2 is set as a result of the counting operation of the counter circuit 
35 1 0, so that the cycle T1 is equal to the cycle T2. 

Here, assuming that the voltage of the integral signal of the integrator 6 at the point t2 is V1 2 and the current 
of the reflected spotlight components is l sh , since the light intensity of the background light is the same as the 
one in the cycle T1 , the current of the background light components is l d , and 11 = l d + l sh , the relation 

V12 = (l sh + l d )T2/C1 (2) 

40 can be expressed. 

Further, the integrator 7 stops the integral operation during the time period T1, and performs the integral 
operation during the time period T2. Therefore, according to the principle of conservation of charge, charges 
along with the next equation (3) are held in the second and third capacitors C2 and C3. 

(V12 - V11) C2 = V 01 C3 (3) 
45 Then, the equations (1) and (2) are substituted into the equation (3), and assuming T = T1 = T2, the voltage 

of the output signal V 0 i generated at the output terminal 8 can be expressed by the following equation (4). 

V 01 = (Vll - V12) • C2/C3 
50 = {(I 5U + I d ) • T2 - I d ■ T1}/C1 ■ C2/C3 

= I sfa • T ♦ C2/(C1-C3) (4) 

55 Moreover, in this embodiment, since the second and third capacitors have the same capacitance, the equa- 

tion will be the following. 

V 0 i = lsh-T/C1 (5) 

Further, assuming that one one cycle of the synchronized clock signal CK is T CK and the counted value in 
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the cycle T1 is N, from next equation (6), the photoelectric current l sh of the reflected spotlight is determined 
by the following equation. 

Uh = Voi ■ C1 / (T CK ■ N) (6) 
Then, the distance measurement arithmetic circuit 3 calculates the photoelectric current l sh1 from the above 
5 equation (6) with the voltage V 0 i which is the output of the noise elimination circuit connected to the output 
electrode 4, and calculates the photoelectric current I sh2 from the above equation (6) with the voltage V 02 which 
is the output of the noise elimination circuit connected to the output electrode 5. Here, since the photoelectric 
currents l sh1 and l sh2 are proportional to the position of the reflected spotlight incident on the photosensitive 
unit 1, based on these photoelectric currents l sh1 and l sh2 , the arithmetic operation is performed, so that the 
10 distance to the object G can be determined. 

In this embodiment, the PSD for measuring distance was explained but if the photosensitive unit 1 is con- 
sidered to be one pixel, the present invention can be also applied to a two dimensional solid image pickup de- 
vice such as a CCD. 

15 Comparative example 

Next, the comparison results between the noise elimination circuit of the present invention and the con- 
ventional elimination circuit will be explained. This comparison also relates to the PSD, and the configuration 
of the PSD is the same as the one shown in Fig. 1. The conventional noise elimination circuit disclosed in "Jap- 

20 anese Latd-Open application No. 59-142412 (142412/1984)" is used to compare. This circuit is also incorpo- 
rated within the signal extraction circuit 2 placed on both output electrodes 4 and 5 of the photosensitive unit 
1 in Fig. 1 . In other words, in the above embodiment, only the noise elimination circuit is replaced by the con- 
ventional one and others are remained the same. In the following comparison, the same devices are repre- 
sented by the same reference numerals, and the repetitive description on the same devices is omitted. 

25 First, referring to Fig. 4 and Fig. 5, the conventional noise elimination circuit connected to the output elec- 

trode 4 in Fig. 1 will be explained. The conventional noise elimination circuit comprises a buffer circuit consti- 
tuted with a PMOSFET Q1 and an operational amplifier A1 biased by a bias voltage V R1 . The buffer circuit DC 
biases the output electrode 4 to the bias voltage V R1 , amplifies the photoelectric current 11 and outputs it to 
the node X. 

30 The node X is. as shown in Fig. 4, connected to a collector of an npn transistor Q2, a base of an npn tran- 

sistor Q3 and a non-inverted input of an operational amplifier A2. A current mirror circuit constituted with pnp 
transistors Q4 and Q5 is connected to a collector of the npn transistor Q3. Diodes D1 and D2 are connected 
to a collector of the pnp transistor Q5, and a voltage V 01 on both ends of diodes D1 and D2 becomes a signal 
to the arithmetic circuit 3. 

35 A reference voltage V^, is applied an inverted input of the operational amplifier A2. An output of the op- 

erational amplifier A2 is connected to a base of the npn transistor Q2 through a switching device SW, and a 
capacitor C is connected between a base of the npn transistor Q2 and ground. 

With such a structure, distance measurement is performed in the following procedure. First, the light emit- 
ting diode LED is set in the state of non spotlight emission for certain time t, and concurrently the switching 

40 device SW is turned on to receive the background light which includes the object to be measured. At this state, 
voltage at the node X becomes V x equivalent to the intensity of the background light, and the operational am- 
plifier A2 calculates the difference between the V x and the reference voltage V^. Therefore, the capacitor C 
is charged to the voltage V h equivalent to the intensity of the background light. The reference voltage Vr2 is 
set to eliminate noise components generated from the photosensitive unit 1 itself or others from the voltage 

45 V x at the node X. 

Next, the switch SW is turned off after a certain time x, and the light emitting diode LED is made to emit 
the spotlight. The light receiving process is performed again for the same period of time as the certain time 
period x. Accordingly, the reflected spotlight reflected at the object G and the background light are incident on 
the photo sensitive unit 1, therefore the photoelectric current 11 becomes the value equivalent to the sum of 

so the background light and the reflected spotlighL Here, since the voltage V h equivalent to the background light 
is held in the capacitor C, the current corresponding to the background light in the output current 11 flows into 
a ground through the npn transistor Q2, and then the voltage V x at the node X is increased by a voltage equiv- 
alent to the reflected spotlighL As a result, the current flowing in the pnp transistor Q5 on the output side of 
the current mirror circuit increases as the voltage increases. Then, the voltage V 0 i on both ends of diodes D1 

55 and D2 becomes the voltage equivalent to the intensity of spotlight. 

Thus, the voltage V 01 which contains only real reflected spotlight components is obtained by holding the 
voltage V h equivalent to the background light in the capacitor C in advance and when the reflected spotlight 
is received, eliminating the background light components with the voltage V h . Here, the same noise elimination 
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circuit is connected to the output electrode 5, so that the background light components are also eliminated 
from the photoelectric current 12 which is the output of the output electrode 5, and then only real reflected spot- 
light components are obtained. Further, since the voltages V 01 and V 02 are proportional to the position of the 
incident reflected spotlight (i.e., L1 and L2), the distance measurement arithmetic circuit 3 performs the certain 
5 arithmetic based on these voltages V 01 and V 02 to determine the distance to the object G. 

Assuming that the electron charge is Q, Boltzmann's constant is k, absolute temperature is T, that collector 
current of the npn transistor Q2 at the state of receiving the background light only is l L1 , that the current flowing 
into a base of npn transistor Q3 when the reflected spotlight is incident is Al L1 , that current gain of the npn 
transistor Q3 is h fe , and that saturate current of diodes D2 and D3 is l s ., the voltage V 0i corresponding to the 
10 reflected spotlight can be expressed by the following equation. 

Voi = 2kT/q.|n((h fe .Al L1 + l L1 )/l s ) (7) 
Moreover, the voltage V 02 generated from the noise elimination circuit connected to the output electrode 
5 can be expressed by the following equation. 

V 02 = 2kT/q ■ ln((h fe - Al u + l L2 )/l s ) (8) 
15 Difference between these voltages V d (= V 0 i - V 02 ) can be derived from these two equations. The difference 

of these voltages is a logarithmic ratio of the photoelectric currents corresponding to the incident position of 
the reflected spotlight as shown in the following equation (9). 

V d = 2kT/q - ln{(h fe AI L1 + IliWvAIu + 1^)} 

Here, generally 

20 h fe Al u »l L1 , h fe -Al L2 »l L2 . 

V d = 2kT/q • ln(Al L1 /Al u ) (9) 
Therefore, the arithmetic circuit 3 calculates back the voltage difference V d from the logarithmic equation 
and then the distance to the object G can be determined. 

However, according to the conventional technique, the following problems arose. 

25 

(1) Problem of voltage holding ability of capacitors 

In order to hold the background light, off-set components or other noise components in the capacitor of 
Fig. 4, the switching device SW is necessary to be completely shut off when it is off; however, in practice, it is 
30 never completely shut-off, so that the charged voltage V h is decreased in accordance with discharging phe- 
nomenon. Therefore, the background light or off-set components are not reflected correctly. 

In order to solve such a problem, as shown in Fig. 5, a noise elimination circuit in which a current mirror 
circuit comprising npn transistors Q5 and Q6 and pnp transistors Q7 and Q8 is placed for compensating the 
discharged charges in the capacitor C has been proposed. This noise elimination circuit is disclosed in "Jap- 
35 anese Laid-Open application No. 59-142412 (142412/1984)". However, it is practically hard to match the cur- 
rent gain h fe of these transistors Q2 and Q5. For this reason, it is not sufficiently effective. 

(2) Problem caused by unmatched devices 

40 It is hard to match current gain of transistors constituting the noise elimination circuit and as a result the 

ideal current mirror cannot be achieved. Because of these reasons, the noise elimination circuit with high ac- 
curacy cannot be achieved. Further, the operational amplifier A2 always generates the off-set voltage because 
of dispersion of devices, so that the base voltage of transistors Q2 and Q3 cannot be held in equal. Accordingly, 
currents flowing in transistors Q4 and Q5 are not a current mirror, which causes deterioration of accuracy. 

45 For the solution to such a problem, one technique is disclosed in "Japanese Publication No. 4-34087 

(34087/1992)". In this technique, a plurality of photosensitive units and a plurality of detectors corresponding 
to each of the photosensitive units are installed, and while the spotlight emission and the receiving process 
are being repeated for several time, the connection between the photosensitive units and the detectors are 
switched each time, so that the result that the dispersion of devices is averaged is obtained. However, in such 

50 a technique, there exist problems that a circuit scale is large and a control timing is complicated. 

(3) Problem of reverse logarithmical operation 

As shown in the above equation (9), the position of the reflected spotlight can be obtained by the loga- 
55 rithmical equation. Since the position of the reflected spotlight has to be real number not logarithmical number, 
reverse logarithmical calculation is required. However, if the reverse logarithmical calculation is processed with 
the logical circuit, the circuit will be large scaled and complicated. On the other hand, if the reverse logarithmical 
calculation is processed with the micro processor or others incorporated in the arithmetic circuit 3, repetition 
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on multiplication or division is required, so that time of the arithmetic operation will be long. 
(4) Problem of integration 

5 In order to stabilize the voltage V h( capacitor with large capacitance of few u. farads is required to be used, 

so that whole device cannot be integrated. In a case that it applies to a camera or others, it prevents camera 
from miniaturized. 

On the other hand, according to the embodiment of the present invention as described above, as shown 
in the equations (1) - (9), since the position of the reflected spotlight incident on the photosensitive unit 1 can 
10 be determined without the reverse logarithm arithmetic like the conventional one, the distance to the object G 
is determined by the simple arithmetic process. Further, even the capacitors C1 - C3 are used, they require 
no huge capacitance. The capacitors C1 - C3 require capacitance of approximately 1 pF, which are suitable for 
the integrated circuit. 

Thus, according to the present invention, first, charges are coupled by the integrators, counter circuit and 
15 capacitors to cancel out the background light components and other components, whereby only the light com- 
ponents of the object to be measured is obtained, so that the problem of voltage holding ability like a conven- 
tional one is solved. Second, accuracy does not depend on the dispersion of devices, so that the unnecessary 
components such as the background light components are eliminated in high accuracy. Third, in the conven- 
tional technique, the complicated arithmetic such as the logarithmical operation is required but in the present 
20 invention, the principle of charge coupling can be applied thereto, so that such complicated arithmetic proc- 
essing is not required. Fourth, capacitors loaded in the first and second integrator have small capacity, so that 
the solid image pickup device which is suitable for ICs or LSI can be achieved. 

From the invention thus described, it will be obvious that the invention may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit and scope of the invention, and all such mod- 
25 if ications as would be obvious to one skilled in the art are intended to be included within the scope of the fol- 
lowing claims. 



Claims 

30 

1. Asolid image pickup device performing optical measurement achieving high signal to noise ratio by sep- 
arating light to be measured from unnecessary noise components, and the solid image pickup device com- 
prising: 

a photosensitive unit comprising a photoelectric converting function; 
35 a first integrator for either integrating or not integrating a signal generated on said photosensitive 

unit in a first capacitor connected between an input and output of the first integrator by a first reset signal; 

a second integrator for either integrating or not integrating a signal in a third capacitor by a second 
reset signal; 

a switching device and a second capacitor connected in series between an output of said first in- 
40 tegrator and an input of said second integrator; 

a counter circuit comprising a counting up function and a counting down function; and 
a timing control circuit for prior to the measurement of said light to be measurement, making said 
first integrator to perform integration by controlling said first reset signal, setting said second integrator 
in non-integration state by controlling said second reset signal, setting said switching device to on, ex- 
45 posing on said photosensitive unit, accumulating charges in said first and second capacitors until an out- 

put voltage of said first integrator reaches a predetermined voltage, making said counter circuit to count 
up a elapsed time, 

next, in a case of measuring light to be measured, making said first integrator to perform integration 
by controlling said first reset signal, setting said second integrator in integration state by said second reset 
50 signal, further, setting said switching device to on, exposing on said photosensitive unit, making said coun- 

ter circuit to count down from the counted value of said elapsed time, at a point of the counted value reach- 
ing zero, turning off said switching device, making said second integrator not to perform integration, there- 
by an output signal of said second integrator is a componenent of said light to be measured. 

55 2. A solid image pickup device according to Claim 1 , further comprising a light source for emitting light to a 
object to be measured with a predetermined timing in a case of measuring light to be measured by a control 
of said timing control circuit. 



8 



EP 0 616 194 A1 



A solid image pickup device according to Claim 1, wherein said counter circuit comprises a function for 
notifying unusual condition with an overflow signal when counting ability exceeds its capability of count- 
ing up. 

A solid image pickup device according to Claim 1 , wherein said second and third capacitor have the same 
capacitance. 

A solid image pickup device according to Claim 1 , wherein said second and third capacitor have different 
capacitance. 

A solid image pickup device according to Claim 2, wherein said photosensitive unit comprising semicon- 
ductor layers of three layers structure including a P-layer, l-layer, and N-layer, and one pair of output elec- 
trodes placed at both ends of the P-layer; and 

a circuit comprising said first integrator, said second integrator, said switching device, said second 
capacitor, said counter circuit, and said timing control circuit is connected to each of the output electrodes. 

A solid image pickup device according to Claim 2, wherein said light source is a light emitting diode. 

A solid image pickup device according to Claim 2, wherein said photosensitive unit comprising the pho- 
toelectric conversion function is a position sensitive detector. 

A method of determining the value of a desired signal component from a signal comprising the desired 
signal component and noise components, said method comprising the steps of: 

(i) integrating the noise components and determining the period required for the sum of integration to 
exceed a predetermined value; 

(ii) integrating the combination of the desired signal components and the noise components for said 
period; and 

(iii) determining the difference between the sums of integration obtained in steps (i) and (ii). 

An image pickup device for determining the value of a desired signal component of a signal generated by 
a photosensor comprising the desired signal component and noise components, said device comprising: 
integration means for integrating a signal supplied thereto; 

timing means for determining a period required for the sum of integration to exceed a predetermined 
value in a first cycle and allowing said integration means to integrate the signal supplied thereto for said 
period in a second cycle; and 

means for determining the difference between the sum of integration in the first and second cycles. 
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Fig. 3 
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Fig. 4 
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